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Abstract 
Locally attainable byproduct materials in Iraq were used to produce ceramic electrical insulators. The compositions 
are based on crushed used bricks, which are composed of fired local clay. Pulverized waste glass and water glass 
byproduct are also essential in the composition. Additionally, commercial grade caustic soda flakes is used as 
chemical activation agent. A series of five compositions is wet casted. The casts are cured via oven heating at 120°C 
for twelve hours. The cured ceramic bodies are subjected to physical, mechanical, heat conductivity and electrical 
breakdown measurements. The results are discussed in terms of quality and sustainability. 
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1. Introduction 
It has been known that alkali activated cementitious materials take advantages on Portland cement in 
energy saving and environment protection. In addition, various aluminosilicate raw materials can be the 
starting materials to produce cementitious and cast materials [1]. Caustic soda is usually utilized as a 
cheap source of sodium hydroxide for alkali activation. As a consequence, an inorganic mimicking of 
polymerization takes place and a gel network is formed; which assist cementation or casting. The reaction 
can be encouraged by adding sodium silicates "water glass" solution [2]. 
It is found that wide range of aluminosilicate materials can be included as starting raw materials to 
produce such casts like the coal fly ash and fired clays. In fact, any abundant aluminosilicate raw material 
can be incorporated in these casts. The reason is that the strong alkalinity of the sodium hydroxide in 
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sodium silicates medium is ready to attack aluminosilicates materials. One of the applications of these 
aluminosilicate casts is producing of thermal insulating refractory from waste resources [3]. The 
preparation parameters such as the effect of calcination condition and the molar ratio of Si/Al of the 
utilized aluminosilicate on its reaction performance are studied [4]. It is found that an optimum calcination 
can be found for given Si/Al ratio to perform best reaction performance with the alkaline medium. 
In this work, the attention is focused on caustic soda as a source of sodium hydroxide as the alkaline 
material together with the water glass. The main constituent of the prepared casts are local crushed and 
milled used bricks. The effect of varying sodium hydroxide content on the physical, mechanical, heat 
conductivity and electrical breakdown properties is studied. 
2. Experimental: 
The main ingredient of the prepared ceramic castables is the crushed used bricks C.U.B. which are 
composed of fired local clay at around 1000°C and dwell time is 14 hours for a lot of 100 tons. The clay is 
a product of surface extraction at Al-Taji district north Baghdad. Chemical analysis of the crushed bricks 
is carried out by the Department of Geological Mining of the Ministry of Industry, Baghdad, shown in 
table (1).  
Table (1): Chemical analysis the crushed used bricks 
Composition wt% Composition wt% 
SiO2 55.25 MgO 0.44 
Al2O3 35.98 CaO 0.24 
Fe2O3 1.26 TiO2 1.1 
Na2O 0.44 L.O.I. 4.87 
K2O 0.42   
 
The Soda Lime Glass S.L.G. is brought from Al-Taji Glass Manufacturing Site of the Ministry of 
Industry, Baghdad, Iraq. It is remnants of the fluorescent lamp production process. The chemical analysis 
is provided by Al-Taji Glass Manufacturing Site as shown in table (2). Commercial caustic soda flakes 
(NaOH 96% min.) is used as a source of sodium hydroxide. The crushed used bricks and soda lime glass 
powders are ball milled. A blade grinder is used to grind the caustic soda flakes. Commercial sodium 
fluorosilicate (Na2SiF2 95% min., available from state company of phosphate, Anbar, Iraq), is also added 
to enhance particle binding of the mix All the utilized powders passed through 50 micrometer sieve set.  
Table (2): Chemical analysis of Al-Taji Soda Lime Glass 
Composition wt% Composition wt% 
SiO2 47.26 MgO 0.38 
Al2O3 34.84 Na2O 0.25 
Fe2O3 1.32 K2O 0.61 
TiO2 1.4 L.O.I. 12.91 
CaO 0.15   
Table (3) shows the composition of the prepared castables. The powders are mixed first, then, the water 
glass is added with extra 1 ml of tap water to each 10 g of the blend.  Thorough mixing is carried out to 
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dissolve of the caustic soda and homogeneity. Samples of 10 g of the prepared castables are casted to 
cylinders of 3 cm diameter utilizing stainless steel punch and die set. Slight hand pressing is applied for 
the casts. The casts then dried in air for 24 hours and thermally cured in an oven at 120°C for 12 hours. 
The result is solid ceramic samples, which are ready for measurements. 
Table (3): The composition as wt% of the prepared Castables 
Composition/Sample no. 1 2 3 4 5 
Crushed Used Bricks C.U.B. %  82 82 82 82 82 
Soda Lime Glass S.L.G. %  2.5 2.5 2.5 2.5 2.5 
Na2SiF2 % 2.5 2.5 2.5 2.5 2.5 
Caustic soda % 8 9 10 11 12 
Water Glass % 5 4 3 2 1 
 
 Bulk density and apparent porosity are measured according to ASTM Designation C373-88 [7]. 
Splitting strength is measured according to ASTM Designation C1006-84 [8], and Lee's disc method is 
utilized for measurements of heat conductivity, which is well described in [9]. The electrical breakdown 
of the ceramic castables is measured according to ASTM Designation D495-99 [10]. 
Cu-KĮ1 X-ray diffraction (Shimadzu-600, USA) is utilized to compare the diffraction peaks of the 
crushed bricks and that of the castable ceramic after thermal curing. Optical micrography (microscopes, 
Inc. USA) is utilized to obtain the microstructure of the thermally cured ceramic castable. 
3. Results and Discussion 
Figures (1) and (2) present the results for bulk density and porosity measurement respectively for the 
cured ceramic castables versus NaOH content. The figures show that the best value of the physical 
properties is for the ceramic castable with NaOH content of 10 wt%. These results can be understood by 
that the following reasoning. The formation of the gel phase is increased as the NaOH content increased. 
Thus, more packed microstructure and higher density are expected for higher contents of NaOH. 
Increasing NaOH content more than 10 wt% led to insufficient solubility of the NaOH and results in 
porous microstructure and cause reduction of the bulk density. The optimum condition is attained at 10 
wt% NaOH where a balance is achieved between the gel and the porosity phases.  
  
 
Fig. 1. Bulk density versus NaOH content for the cured ceramic castables 
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Fig. 2. Apparent porosity versus NaOH content for the cured ceramic castables 
Hardness test results are shown in figure (3), and the results for splitting strength measurements are 
shown in figure (4). As expected, the best values of these mechanical properties are found at 10 wt% of 
NaOH content. Once more, the packed microstructure that reflects highest density and lowest porosity is 
expected to reveal the best mechanical properties among the prepared ceramic castables. 
 
 
Fig. 3. Hardness tests versus NaOH content for the cured ceramic castables 
 
Fig. 4. Splitting strength versus NaOH content for the cured ceramic castables 
Figure (5) compares X-ray diffractogram of crushed bricks with that of the cured ceramic castable of 
10 wt% NaOH content. The both diffractograms show that mullite and silica in the form of quartz, and 
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cristobalite are the dominant content. Other contents of the cured ceramic castables that is shown in table 
(3) are either so small to be detected like Na2SiF2 or amorphous in nature like the water glass and the soda 
lime glass. The main difference between the two diffractograms is higher background and broadened 
peaks for the ceramic castable. The broadened diffraction peaks elucidate that the crystalline content of 
the crushed bricks is attacked by the added NaOH. In addition, the higher background is more obvious at 
low diffraction angles thus reveals the formation of the amorphous phase; which is attributed to the gel 
phase. 
 
 
Fig. 5. Cu-KĮ1 Diffractograms for (a) Crushed bricks and (b) Ceramic castable 
 
Fig. 6. Optical micrograph showing the microstructure of the ceramic castable 
Another indication for the formation of the gel phase can be found on observation of the microstructure 
of the ceramic castable. Figure (6) shows an optical micrograph of the ceramic castable. In this figure, 
three constituents can be recognized. The continuous gray area can be attributed to the gel phase that 
surrounds the discontinuous bright areas. The bright areas are usually attributed to crystalline ceramic 
 Saad B. H. Farid /  Energy Procedia  36 ( 2013 )  908 – 914 913
phases composed of mainly mullite. A third constituent is the black spots which typically designate the 
porosity. The general picture is that the gel phase surrounds the ceramic particles, and some porosity is 
left after thermal curing due to evaporation of excess water. 
The heat conductivities of the measured castables are shown in figure (7). The heat conductivity is 
shown to be decreased as the NaOH increased monotonically and reaches a steady value at NaOH content 
of 10%. This can be explained in terms of that increasing the gel phase plays an obstruction role to heat 
conduction.  This can be explained to be as a result of the spreading of the gel phase along the grain 
boundaries which require the heat to cross boundaries more frequently and reduces the heat flow.  
 
 
Fig. 7. Heat Conductivity versus NaOH content for the ceramic castables 
Finally, figure (8) shows the electrical breakdown measurements of the cured ceramic castables. The 
highest breakdown voltage attained is with the ceramic castable of 10 wt% NaOH. All over again, that 
value of the NaOH that gives the most packed microstructure helps enhance electrical breakdown 
resistance. Figure (8) also shows that the electrical breakdown voltage is increased gradually as the NaOH 
content increased and hence the gel phase increased. After the maximum, value is attained, the breakdown 
voltage is then gradually dropped. This indicates that some insoluble NaOH left for higher additions of the 
NaOH which acts to decrease the electrical breakdown resistance of the ceramic castables. 
 
 
Fig. 8. Dielectric strength versus NaOH content for the ceramic castables 
The best numerical value attained for the electrical breakdown voltage is 425kV/m. That is, one 
millimeter in thickness of that ceramic castable is sufficient to act as a ceramic insulator for 380V supply 
of electricity. Utilizing 1.5 or 2.0 millimeters in thickness gives an engineering safety factor more than 
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50% and 100% respectively. Accordingly, the prepared ceramic castable provides an economic, easy to 
fabricate ceramic for electrical insulation applications. Another look to table 3 tells that 82% of the 
composition is the crushed used bricks, which is a recycled material. This may have a big aspect of 
sustainability. As well, the rest of the composition shown in table 3 is widely attainable in Iraq, which 
supports another dimension of sustainability. In addition, the low curing temperature of 120°C to prepare 
ceramic insulators, compared with usual sintering temperatures of around 1200°C, can greatly reduces the 
energy consumption and the accompanying CO2 emissions. Further tailoring of the ceramic castables 
properties is expected using the coal fly ash as part of the aluminosilicate materials' contents. 
4. Conclusions 
x The ceramic castables that based on crushed used bricks, and caustic soda flakes can be green and 
economically produced due to low curing temperature (120°C). 
x The ceramic castables can be prepared with tailored physical, mechanical and electrical breakdown 
properties. 
5. Suggestions for future work 
It is suggested that the effect of the starting particle sizes of the starting powders is studied to achieve 
optimum properties. The role of the addition of the fly ash (e.g. fly ash of Al-Kufa cement industry) is 
also suggested for future study. In addition, thermal properties of the prepared ceramic castables are 
suggested for future study to find the correlation between the preparation conditions and thermal 
properties. 
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